Recently, particular cytokines have been identified to affect progression of a variety of diseases and retrovirus infections. Previously, we demonstrated that interleukin-2 (IL-2), IL-12, and gamma interferon increased in peripheral blood mononuclear cells (PBMCs) from animals with early disease and decreased in PBMCs from animals with late disease stages of bovine leukemia virus (BLV) infection. In contrast, IL-10 increased with disease progression. To examine the effects of these cytokines on BLV expression, BLV tax and pol mRNA and p24 protein were quantified by competitive PCR and immunoblotting, respectively. IL-10 inhibited BLV tax and pol mRNA levels in BLV-infected PBMCs; however, the inhibitory effect of IL-10 was prevented in PBMCs depleted of monocytes and/or macrophages (monocyte/macrophages). To determine whether these factors were secreted or monocyte/macrophage associated, monocyte/macrophage-depleted PBMCs were cultured with isolated monocyte/macrophages in transwells where contact between monocyte/macrophages and nonadherent PBMCs was blocked. BLV tax and pol mRNA levels increased in transwell cultures similar to cultures containing nonseparated cells, and IL-10 addition inhibited the increase of BLV tax and pol mRNA. These results suggest that monocyte/macrophages secrete soluble factor(s) that increases BLV mRNA levels and that secretion of these soluble factor(s) could be inhibited by IL-10. In contrast, IL-2 increased BLV tax and pol mRNA and p24 protein production. Thus, IL-10 production by BLV-infected animals with late stage disease may serve to control BLV mRNA levels, while IL-2 may increase BLV mRNA in the early disease stage. To determine a correlation between cell proliferation and BLV expression, the effect of IL-2 and IL-10 on PBMC proliferation was tested. As anticipated, IL-2 stimulated while IL-10 suppressed antigen-specific PBMC proliferation. The present study, combined with our previous findings, suggests that increased IL-10 production in late disease stages suppresses BLV mRNA levels, while IL-2-activated immune responses stimulate BLV expression by BLV-infected B cells.
Bovine leukemia virus (BLV), which is closely related to human T-cell leukemia virus type 1 (HTLV-1), is a type C retrovirus that infects bovine B cells and leads to development of enzootic bovine leukosis (13) . Less than 5% of infected animals develop malignant lymphosarcoma (8) , while 30% of infected animals progress to persistent lymphocytosis. In persistent lymphocytosis, nonneoplastic B cells proliferate, and leukocyte counts may exceed 10,000 cells/mm 3 (16) . However, most infected animals remain in the alymphocytotic (AL) stage. Despite the often long duration for disease progression, the mechanism for progression is unknown. Previously, we determined that cytokine profiles of BLV-infected animals differ depending on the stage of disease (24, 27) . Interleukin-2 (IL-2), IL-12, and gamma interferon (IFN-␥) were expressed in high amounts in AL animals. In contrast, interleukin 10 (IL-10) was increased in persistently lymphocytotic (PL) animals. While IL-2, IL-12, and IFN-␥ trigger cellular immune responses that activate macrophages, NK, Th1, and cytotoxic T cells to remove virus from the host, IL-10 suppresses these cytokine-activated immune responses (17) . Increased IL-10 production in BLV infection could be deleterious for clearing viral infection from the host. Lundberg et al. reported that cytotoxic ␥␦ T-cell (CTL) activity is crippled in PL animals, while ␥␦ CTLs from AL animals efficiently lysed BLV Env and Tax presenting cells (18) . Cytokine imbalance may also contribute to disease progression in human immunodeficiency virus (HIV) infection (6) , autoimmune disease, and cancer (17) . Alternatively, there may be beneficial effects of IL-10 for virus clearance. In HIV infection, IL-10 suppresses immune activation (20, 30) , and reduced immune surveillance may permit a suitable environment for virus replication. Interestingly, whereas HIV replication was significantly reduced in experiments with macrophage cell lines and primary macrophages, this inhibitory effect was not observed in experiments with T-cell lines and primary T cells alone (29, 30, 36) . These reports suggest that monocytes and/or macrophages (monocyte/macrophages) have an important role in regulating virus replication in T cells, as well as monocyte/macrophages responding to IL-10. To examine the influence of cytokines on BLV mRNA levels, BLV tax and pol mRNA were quantified from peripheral blood mononuclear cells (PBMCs) cultured with IL-2, IL-10, and IL-12. Here, we demonstrate that IL-10 inhibits detection of BLV tax and pol mRNA, while IL-2 activates BLV tax and pol mRNA and p24 protein levels. The inhibitory effect of IL-10 on BLV tax and pol mRNA was eliminated in monocyte/macrophage-depleted PBMCs.
MATERIALS AND METHODS
Animals and cell preparation. Adult female Holstein cattle, 2 to 12 years of age, were assigned to two groups according to their disease stage. Three AL and three PL animals were used. Each experiment was performed with three different animals and at least one from each disease stage except the immunoblotting assay with two PL animals. Heparinized or EDTA-treated blood was obtained from the jugular vein, and PBMCs were isolated by density gradient centrifugation (5) .
Cell cultures and monocyte/macrophage separation. Isolated PBMCs were cultured at 5 ϫ 10 6 to 10 ϫ 10 6 cells/ml for BLV quantification and 5 ϫ 10 5 cells/ml for cell proliferation. The cells were treated with human recombinant IL-2 (hrIL-2; 100 U/ml; PharMingen, San Diego, Calif.), hrIL-10 (10 ng/ml; R&D systems, Minneapolis, Minn.), hrIL-12 (5 ng/ml; R&D systems), antihrIL10 neutralizing antibody (10 g/ml; R&D systems), concanavalin A (ConA; 10 g/ml; Sigma, St. Louis, Mo.), and BLV (10 g/ml). BLV was purified from the culture supernatant of the BL3 cell line (ATCC CRL-8037, Rockville, Md.) by using metrizamide (Sigma) gradient centrifugation and confirmed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and immunoblotting. After incubation of the PBMCs for 3 to 5 days, the cells were harvested for further experiments. In cell proliferation assays, [ 3 H]thymidine was added 8 to 12 h before cell harvest, and the radioactivity of the harvested cells was measured with a ␤-scintillation counter (MATRIX 9600; Packard, Meriden, Conn.).
Monocyte/macrophages were isolated from PBMCs by exploiting their ability to adhere to plastic (34) . After PBMCs were incubated for 4 to 6 h, nonadherent cells were removed and transferred to other wells. Isolated monocyte/macrophages were cultured with nonadherent cells separated by a transwell filter (0.4 m pore size; Costar, Acton, Mass.). The purity of separated monocyte/macrophages was confirmed by flow cytometry with mouse anti-bovine CD14 immunoglobulin G (IgG; CAM36A; VMRD, Pullman, Wash.) and fluorescein isothiocyanate-conjugated goat anti-mouse IgG (Jackson ImmunoResearch, West Grove, Pa.) by using an EPICS profile analyzer. Adherent cells were also stained for esterase as previously performed (24, 27) .
Primers and reverse transcriptase PCR (RT-PCR). Based on GenBank sequence information, primers for tax and pol were designed with the Oligo 5.0 software (National Bioscience, Plymouth, Minn.). To produce plasmids containing standard tax and pol fragments, PCR products from BLV-infected PBMCs were cloned into the TA cloning vector pCR 2.1 (Invitrogen, San Diego, Calif.) as recommended by the manufacturer. Plasmids were purified from transformed Escherichia coli by using a Wizard miniprep system (Promega, Madison, Wis.) and then screened for the insert by EcoRI digestion. The amplified PCR products were assessed by agarose gel electrophoresis. Plasmid concentration was determined by spectrophotometry at 260 nm. Inserts were confirmed by automated DNA sequencing at the University of Wisconsin Biotech Center.
Cytoplasmic lysates from freshly isolated PBMCs were obtained by adding 200 l of chloroform, and total RNA was prepared by using TRI reagent according to the manufacturer's protocol (MRC, Cincinnati, Ohio) with DNase treatment. The concentration of purified total RNA was determined by spectrophotometry. Then, the RT reaction was performed with purified total RNA. The reaction mixture, including 400 U of Moloney murine leukemia virus (MMLV) RT, 10 mg of bovine serum albumin BSA, 40 units of RNasin, 1 g of oligo(dT), 0.5 mM deoxynucleoside triphosphates (dNTP), and a 5ϫ reaction buffer (250 mM TrisHCl, pH 8.3; 375 mM KCl; 15 mM MgCl 2 ; 50 mM dithiothreitol) was incubated with 1 to 10 g of total RNA for 2 h at 37°C. PCR was performed in a DNA thermocycler (Perkin-Elmer, Norwalk, Conn.) for 35 cycles consisting of 1 min at 94°C for denaturation, 1 min at 62 (for pol amplification) or 65°C (for tax FIG. 1. Standardization curve for QC-PCR of tax (A and B) and pol (C and D) mRNA assays. Plasmids containing mimic for tax (450 bp) or pol (700 bp) were generated by using primers and an internal nonspecific stuffer region, followed by cloning. Standard fragment-ligated plasmids for tax (691 bp) and pol (539 bp) were also generated by using the primers and BLV-infected cells. Serial twofold dilution of standard plasmid and a fixed amount of mimic were amplified simultaneously in the same tube. Standard DNA (8, 192 fg to 16 fg for tax [panel A, lanes 1 to 10] or 2,048 fg to 4 fg for pol [panel c, lanes 1 to 10]) was amplified with 10 fg of mimic DNA for both. The standard reactions for tax and pol are shown in panels A and C, respectively. Amplified DNA bands were analyzed by densitometry by using NIH Image program version 1.61 to generate standard curves (panels B and D). Each sample reaction was performed simultaneously with a standard reaction, and the amount of tax and pol level by PBMCs was calculated from the representative standard curve. amplification) for annealing, and 1 min at 72°C for polymerization. Each PCR reaction contained 1.25 U of Taq polymerase, 1.5 mM MgCl 2 , 0.8 mM dNTP, 1 M primers, template, and 10ϫ thermobuffer (500 mM KCl; 100 mM Tris-HCl, pH 9.0; 1% Triton X-100). tax (5Ј-CAGCATTTGGGCCGCCTTTTCTAAC, 3Ј-ACAGCCGGAGGGGGTCCACAAGGAG, 691-bp product) and pol (5Ј-G CCGCCCCGCCTGAACCTGT, 3Ј-CCCACGCTTCGCCGAGGCATGAGT AG, 530-bp product) were used as amplification primers (Table 1) . Amplified products were analyzed by 1% agarose gel electrophoresis. Samples from RT reactions without MMLV-RT and mixtures without cDNA template were used in PCR assays as controls for amplification of contaminated DNA fragments.
Generation of mimics and quantitative-competitive PCR (QC-PCR).
Mimics of tax and pol were generated by using PCR primers and an internal nonspecific stuffer region (24) . The nonspecific fragment was produced by PCR by using a DNA thermocycler for five cycles consisting of 1 min at 94°C for denaturation, 1 min at 42°C for annealing, and 1 min at 72°C for polymerization, followed by 35 cycles consisting of 1 min at 94°C for denaturation, 1 min at 62°C or 65°C for annealing, and 1 min at 72°C for polymerization. The mimic band was excised, and the fragment was purified by using a GenElute agarose spin column (Supelco, Bellefonte, Pa.). The purified mimic fragment was amplified again by PCR with tax and pol primers, and the PCR reaction mixture was removed by using a QIAquick PCR purification kit (Qiagen, Chatsworth, Calif.). The mimic fragment was then cloned by using the TA cloning kit as described above. The concentration of tax and pol mimic-ligated plasmids were determined by spectrophotometry.
To quantify the tax and pol mRNA produced by PBMCs from BLV-infected animals, QC-PCR was performed (32) . For standardization, PCR was performed by using this serially twofold-diluted standard plasmid with concentrations ranging from 8,192 to 16 fg/l for tax and from 2,048 to 4 fg/l for pol and a fixed amount of mimic (10 fg/l). Synthesized cDNA from each sample and fixed amounts of mimic were added into the same tube and amplified simultaneously with tubes for standard reaction. Gel photographs were scanned, and the amplified DNA bands were analyzed by densitometry by using NIH Image program version 1.61 with standard curves constructed with Cricket Graph. Amplified products were analyzed by the methods previously described. The amount of cytokine produced was determined by comparing the density ratios of sample reactions and standard reaction.
Immunoblotting. To detect BLV p24, PBMCs from PL animals were cultured with IL-2 and ConA in 135-cm 3 flasks (Costar). The harvested cell pellet was resuspended in Triton X-100 lysis buffer (300 mM NaCl, 50 mM Tris-Cl, 0.5% Triton X-100, 10 g of leupeptin per ml, 10 g of aprotinin per ml) at 10 8 cells/ml, kept for 30 to 45 min on ice, lightly vortexed, and centrifuged for 15 min at 12,000 ϫ g. The supernatant was removed from the nuclear pellet. SDS-PAGE was performed with the supernatant, and the separated protein bands were transferred to nitrocellulose filter paper (Bio-Rad Laboratories, Hercules, Calif.). Immunoblotting was performed with mouse anti-BLV p24 IgG (BLV3; VMRD), anti-BLV gp51 (BLV2; VMRD), and alkaline phosphatase-conjugated anti-mouse IgG (Bio-Rad). The bands were scanned and then analyzed by densitometry as described above. The relative densities of bands from IL-2-and ConA-stimulated PBMCs were calculated and compared with those from PBMCs cultured with medium only.
RESULTS
IL-10 inhibits BLV tax and pol mRNA expression. To verify differences in the level of BLV expression by PBMC cultures, tax and pol mRNA were quantified by using mimics. Tax (450 bp) and pol (700 bp) mimics were generated by nonspecific PCR amplification. According to band ratios in standard reactions, standardization graphs were drawn (Fig. 1) . Interestingly, BLV tax and pol mRNA levels decreased in the PBMCs cultured with hrIL-10 ( Fig. 2) , whereas ␤-actin mRNA level was independent of IL-10 addition. This experiment was conducted for 1, 3, 5, 7, and 9 days, and tax mRNA level peaked in PBMCs cultured for 3 days, while pol mRNA peaked in PBMCs cultured for 5 to 7 days (data not shown). To confirm the inhibitory effect of IL-10 on BLV mRNA, antihrIL10 neutralizing antibody was added to the PBMCs cultured with IL-10. While hrIL-10 alone inhibited BLV tax mRNA, the addition of anti-hrIL-10 neutralizing antibody reversed BLV tax mRNA levels inhibited by IL-10 (Fig. 3) . These results suggest that IL-10 decreases BLV tax and pol mRNA levels in BLV-infected PBMCs.
Monocyte/macrophage-depleted PBMCs expressed reduced BLV tax and pol mRNA levels. Previous reports indicate that monocyte/macrophages have a critical role in regulating retrovirus expression (29, 36) . To examine whether monocyte/macrophages regulate BLV mRNA levels, monocyte/macrophages were depleted by adherence to plastic. PBMCs, 2 ϫ 10 7 to 3 ϫ 10 7 , were used for separation, and 2 to 5 ϫ 10 6 cells were isolated by adherence. Flow cytometry confirmed that more than 85% of the isolated cells were CD14 ϩ and were more than 95% esterase positive, a result similar to our previous findings (24, 27) . Monocyte/macrophage-depleted cells contained fewer than 5% CD14 ϩ cells (data not shown). Monocyte/macrophage-depleted PBMCs had dramatically reduced BLV tax and pol mRNA compared to nonseparated PBMCs (Fig. 4) . When hrIL-10 was added to monocyte/macrophagedepleted PBMCs, the inhibitory effect of IL-10 on BLV tax and pol mRNA level was not observed. To determine whether monocyte/macrophages regulate BLV levels directly or via soluble product(s), isolated monocyte/macrophages were cultured with nonadherent cells separated by a 0.4-m (pore-size) filter in transwell plates. After culture for 3 to 5 days with or without hrIL-10, nonadherent cells were harvested, and BLV tax and pol mRNA levels were assessed. The nonadherent PBMCs, when cultured with monocyte/macrophages in transwells expressed approximately 10 times more BLV tax and twice as much pol mRNA as nonadherent PBMCs cultured alone (Fig. 4) . In addition, hrIL-10 inhibited BLV tax and pol mRNA levels in nonadherent PBMCs cultured with monocyte/ macrophages (Fig. 4) . These results suggest that factor(s) secreted by monocyte/macrophages affect BLV mRNA levels and that IL-10 can regulate these factor(s).
IL-2 increased BLV tax and pol mRNA levels and the level of BLV p24 protein. To determine the effect of IL-2 and IL-12 on BLV detection, hrIL-2 and hrIL-12 were added to PBMC cultures for 3 to 5 days, and the BLV tax and pol mRNA levels were quantified by QC-PCR. BLV tax and pol mRNA levels were increased more than five times in PBMCs cultured with hrIL-2 and ConA compared to PBMCs cultured with medium only, while the ␤-actin level was unchanged (Fig. 5 ). In contrast, although the addition of hrIL-12 enhanced antigen-specific PBMC proliferation, hrIL-12 did not affect BLV tax and pol mRNA levels. To examine the effect of IL-2 on BLV translation, 1.5 ϫ 10 8 PBMCs were cultured with hrIL-2 and ConA. After 3 days, cellular proteins were isolated from cultured PBMCs, and semiquantitative immunoblotting was performed. Increased BLV p24 protein production was detected by semiquantitative immunoblotting with anti-p24 antibody (Fig. 6) . BLV p24 protein amount paralleled BLV tax and pol mRNA levels when PBMCs were cultured in the presence of IL-2. Purified BLV by metrizamide gradient centrifugation was used for a positive control. As predicted, p24 protein was not detected in PBMCs cultured with hrIL-10, and gp51 production was not detected in PBMCs cultured with hrIL-2 and hrIL-10 (data not shown).
IL-10 reduces antigen-specific PBMC proliferation, while IL-2 enhances antigen-specific PBMC proliferation. To examine whether BLV expression correlates with PBMC proliferation, increasing concentrations of hrIL-10 were added to PBMC cultures with 25% of BL3 supernatant as an antigen source (23) . Although low concentrations of hrIL-10 slightly activated PBMC proliferation, 10 times more than the 50% effective dose (1 ng/ml) of hrIL-10 dramatically reduced antigen-specific PBMC proliferation (Fig. 7A) . Anti-hrIL-10 neutralizing antibody restored antigen-specific PBMC proliferation, confirming that PBMC proliferation is specifically inhibited by IL-10 (Fig. 7B) . As expected, hrIL-2 enhanced antigen-specific PBMC proliferation (Fig. 7B) . These results indicated a correlation between BLV expression and antigenspecific PBMC proliferation and suggest that cell proliferation may provide a suitable environment for BLV expression by BLV-infected B cells.
DISCUSSION
The results presented here demonstrate that IL-10 inhibits BLV tax and pol mRNA levels, while IL-2 stimulates BLV tax and pol mRNA and the level of p24 protein. Interestingly, IL-10 inhibition of BLV mRNA is removed when adherent monocyte/macrophages were depleted from PBMCs. Also, the background level of tax and pol mRNA was dramatically decreased in monocyte/macrophage-depeleted PBMCs without IL-10 addition. These findings suggest that IL-2 and IL-10 FIG. 5. IL-2 and ConA stimulate BLV tax and pol mRNA levels. PBMCs from the PL animal P191 were cultured with recombinant human IL-2 (100 U/ml) or ConA (10 g/ml) for 5 days. QC-PCR was performed (A), and the amounts of BLV tax and pol mRNA are shown (B), with standard error bars from at least three assays, and the data are representative of experiments with three different animals. The bands are as follows: 691 bp, tax standard; 450 bp, tax mimic; 700 bp pol mimic; 530 bp pol standard; and 890 bp, ␤-actin. All products were analyzed on a 1% agarose gel stained with ethidium bromide.
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REGULATION OF BLV mRNA LEVELS BY IL-2 AND IL-10 8431 regulate the amount of BLV and that monocyte/macrophages have an important role in regulating BLV expression. Previously, we showed that IL-2, IL-12, and IFN-␥ were increased in AL animals, while decreased in PL and tumorbearing animals (24, 27) . In contrast, IL-10 was increased in PL and tumor-bearing animals. These results suggest that disease progression in BLV infection is associated with specific cytokine expression. Retroviruses have a common immunosuppressive domain in their transmembrane protein. A retroviral envelope peptide, termed CKS-17, caused a shift in the cytokine balance, suppressing cell-mediated immunity by upregulating IL-10 and downregulating IL-2, IL-12, and tumor necrosis factor alpha production (10) . Thus, previously we quantified IL-10 mRNA expression of PBMCs infected by tax-and envrecombinant vaccinia virus and also treated PBMCs with the comparable oligopeptide of BLV CKS-17; however, a difference in IL-10 expression was not detected (25) . IL-10 can be produced by a variety of cells, including macrophages. IL-10 production also could be a result of antigen-specific T-cell apoptosis (33) . T helper (Th) 1 cells express Fas and Fas ligand upon activation (33) , and these cells are selectively removed by programmed cell death, while Th2 cells are not affected.
High levels of IL-10 could have deleterious or beneficial effects on the host immune defense against virus infections. Numerous studies have reported that type 2 cytokines, as well as IL-10, inhibit cell-mediated immunity and impair clearance of viral infections by cytotoxic T cells and NK cells (17, 31) . In BLV infection, PL animals have impaired ␥␦ T-cell-mediated immunity to BLV infection. Although ␥␦ CTLs from AL animals efficiently lysed cells presenting BLV Env and Tax, CTLs isolated from PL animals could not respond to BLV Env and Tax (18) . In addition, lymphocytes from PL and tumor-bearing animals failed to proliferate when cultured with BLV recombinant proteins, while lymphocytes from AL animals proliferated to BLV recombinant Gag and Env proteins (23) . In addition to type 2 cytokines, IL-10 has a role in B-cell activation and proliferation. Excessive activation and proliferation may cause B-cell lymphocytosis and transformation by a chromosomal translocation of the oncogene c-myc in the immunoglobulin genes (9, 11, 12) .
Alternatively, IL-10 may have a beneficial role in viral clearance. The inhibitory effect of IL-10 on virus expression observed in the present study has also been reported in HIV infection (20, 29, 30) . Interestingly, IL-10 can inhibit HIV replication in the monocyte/macrophage lineage cells and in PBMCs but not in T cells (29) . These results implicate that the IL-10-monocyte/macrophage interplay may have an important role in regulating HIV expression. Thus, we depleted monocyte/macrophages from PBMCs to examine whether monocyte/ macrophages affect regulation of BLV expression. The inhibitory effect of IL-10 on BLV tax and pol mRNA levels was removed, and the background levels of tax and pol mRNA was dramatically decreased without addition of IL-10. When monocyte/macrophage-depleted PBMCs were cultured with isolated monocyte/macrophages in transwells, monocyte/macrophage-depleted PBMCs expressed high amounts of BLV tax and pol mRNA. The addition of IL-10 dramatically reduced this level. These results suggest that monocyte/macrophages secrete soluble factor(s) that activate BLV expression and whose action is inhibited by IL-10. Recently, we found that IL-10 inhibited and IL-2 enhanced detection of COX-2 mRNA in PBMCs (26) . Also, prostaglandin E 2 (PGE 2 ) reversed IL-10 inhibition of BLV tax and pol mRNA levels. Therefore, PGE 2 might be one secretory factor from monocyte/macrophages that increases BLV expression by BLV-infected B cells. Signal transduction by PGE 2 receptors mediates increased cyclic AMP production (2) . BLV long terminal repeats contain a cyclic AMP response element that facilitates BLV gene transcription. Although macrophages may be infected by BLV and produce low levels of BLV mRNA (37) , this idea is controversial (19) , and our data indicate that nonadherent cells produce significant amount of BLV mRNA that is apparently regulated by the presence of monocyte/macrophages. IL-2 has been used therapeutically to boost the host immune response against several infectious diseases and in cancer therapy (7, 15) . Although IL-2 stimulates PBMC proliferation and CTL activity in virus infections, IL-2 also activates BLV (Fig. 5,  6 ) and HIV expression (1, 14) . In addition, opportunistic infections can stimulate HIV replication and disease progression (21, 35) . Our preliminary data also show that bovine herpesvirus, one of the most prevalent opportunistic infections in cattle, increased the detection of BLV tax and pol mRNA (25) . These results suggest that cellular activation may provide a suitable environment for virus replication.
To examine the level of BLV, BLV tax and pol mRNA levels were quantified in the fentagram range by QC-PCR. Anti-p24 antibody also detected expression of p24, a part of gag, in PBMCs cultured with IL-2 and ConA. However, anti-p24 antibody was not sensitive enough to detect a difference in the amount of p24 between untreated and IL-10-treated PBMCs. In addition, anti-gp51 antibody could not detect a gp51 signal from cultured cells, while gp51 was clearly detected in purified BLV. Changes in BLV tax and pol transcription paralleled the translation of BLV p24 in PBMC stimulated with IL-2 and ConA. Therefore, measuring the transcription of BLV by QC-PCR is a reliable method for examining differences in the levels of BLV. The level of pol can be detected only from genomic mRNA (28) . Thus, the replication rate of BLV genomic RNA can be measured by amplification of pol mRNA. Tax is an early gene product of BLV expression and regulates both cellular and viral transcription. Although Tax protein is translated only from the shortest mRNA, all four different mRNAs expressed in BLV transcription can contain the tax sequence. Thus, amplification of the tax region can be detected in all BLV mRNAs, providing an explanation for greater tax mRNA detection than pol in the present study. Since bovine cytokines are not commercially available, hrIL-2 (22), hrIL-10 (3), and hrIL-12 (4) were used. Previous studies (3, 4, 22) and the data in the present experiments indicate that these cytokines have reactivity with bovine PBMCs.
In conclusion, the findings that IL-10 inhibits BLV tax and pol mRNA levels suggest that increased IL-10 production by monocyte/macrophages could be serve as a host immune defense mechanism during late-stage BLV infection to limit the amount of virus production. In addition, the observation that IL-2 stimulates BLV production implicates that IL-2 treatment, to boost the immune response, may contribute a deleterious effect stimulating virus multiplication in the host.
